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Abstract
Dams produce hydroelectric power and control flooding, but they also cause negative ecological
consequences such as habitat fragmentation and altered water quality. The goal of this study was to
determine whether dams alter rates of organic matter decomposition. Decomposition rates in
impoundments and in free-flowing sections of the Huron River were measured using the cotton strip
assay. We hypothesized that if water temperature is the main driver of decomposition rates, then higher
rates of decomposition would be expected behind dams due to anticipated warmer water temperatures in
the impoundment. If oxygen concentrations are a main driver of decomposition rates, lower
decomposition rates would be expected behind dams due to lower oxygen in the sediments of the
impoundment. To determine whether shifts in the relative importance of macroinvertebrate and microbial
decomposer communities affected decomposition behind impoundments, we excluded
macroinvertebrates from half of the cotton strips. We also measured temperature and oxygen levels to
determine if there was a relationship with decomposition rates. We found decomposition rates were
significantly greater in the impoundments than in one free-flowing section of the river. We did not find a
significant relationship between decomposition and oxygen or temperature, however, average
temperature was slightly warmer in the impoundments, suggesting a stronger effect of temperature than
oxygen on decomposition. Dams have been found to alter important ecosystem functions, although the
exact mechanism of their effects on decomposition requires further study.
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Abstract
Dams produce hydroelectric power and control flooding, but they also cause negative
ecological consequences such as habitat fragmentation and altered water quality. The goal of this
study was to determine whether dams alter rates of organic matter decomposition.
Decomposition rates in impoundments and in free-flowing sections of the Huron River were
measured using the cotton strip assay. We hypothesized that if water temperature is the main
driver of decomposition rates, then higher rates of decomposition would be expected behind
dams due to anticipated warmer water temperatures in the impoundment. If oxygen
concentrations are a main driver of decomposition rates, lower decomposition rates would be
expected behind dams due to lower oxygen in the sediments of the impoundment. To determine
whether shifts in the relative importance of macroinvertebrate and microbial decomposer
communities affected decomposition behind impoundments, we excluded macroinvertebrates
from half of the cotton strips. We also measured temperature and oxygen levels to determine if
there was a relationship with decomposition rates. We found decomposition rates were
significantly greater in the impoundments than in one free-flowing section of the river. We did
not find a significant relationship between decomposition and oxygen or temperature, however,
average temperature was slightly warmer in the impoundments, suggesting a stronger effect of
temperature than oxygen on decomposition. Dams have been found to alter important ecosystem
functions, although the exact mechanism of their effects on decomposition requires further study.

Introduction
Ecological effects of dams
Dams are considered a marvel of human innovation and are widespread throughout the
world. The earliest human-constructed dams were built by the Egyptians and date back to 2950-
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2750 BC (Yang et al., 1999). Dams are used as flood control systems, producers of hydroelectric
power, and for water storage. There are more than 91,000 dams throughout the United States
alone (Wei-Haas, 2020). Large dams have greater impacts on the environment due to their size
and the amount of water that they impound, and they therefore tend to be studied more than
small dams. Small dams are defined as being less than 9 meters in height (Brewitt & Colwyn,
2020), and there are ten small dams for each large dam, so understanding the impacts of smaller
dams is important (Ma, 2018). While dams are useful for controlling flooding and generation of
hydroelectric power, they also have negative ecological impacts. Many dams in the United States
were built in the 1950’s, so they are beyond their duty cycle and are deteriorating and in need of
repair.

Dams and habitat fragmentation and alteration
One major ecological impact of dams is habitat fragmentation. Dams can disrupt
migration of some fish species and can also impact mating patterns of fish and other organisms
(Chisholm, 1999; Figure 1). Dams have a negative effect on fish populations because fish are not
able to effectively escape predation, pursue food sources, locate habitats, reproduce, and their
habitat is converted to a lake-like (lentic) reservoir rather than being a free-flowing (lotic) body
of water.
Other important organisms in aquatic food webs are also impacted by dams due to
sedimentation behind dams. Freshwater mussels, many of which are threatened or endangered,
are negatively impacted by dams (Nedeau, 2006). Sediments trapped behind a dam (Figure 1) are
not suitable substrates for adult mussels, because oxygen concentrations are often low in fine
sediments and sediments also can interfere with filter-feeding. Many macroinvertebrate species
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are also negatively impacted by sedimentation because the rock substrates needed by
macroinvertebrates become covered by sediments and many macroinvertebrates require high
flow and oxygen.

Figure 1. Attributes of free-flowing rivers vs impoundments. Temperature is a factor that affects
shredders because at higher temperatures, shredders are not abundant/active, if it is cooler they
are active/abundant. Oxygen is another factor that affects shredders because they tend to live in
well-oxygenated waters and are not normally found in anoxic waters that have low-O2 levels.
The impoundment is the orange box and the free-flowing is the blue box.

Effects of dams on physical and chemical characteristics
Dams slow the natural flow of water, altering the physical and chemical conditions and
the distribution of nutrients (Kleinman, 2019). Reduced water quality is another negative
ecological impact caused by dams. Sediments and organic matter build up behind dams and trap
toxic substances such as chemicals and other pollutants, including pesticides. In stagnant water,
microbial activity in the sediments depletes oxygen (hypoxia) and releases greenhouse gasses
such as carbon dioxide and methane (Canning & Death, 2019; Figure 1). Nutrient cycling is
4

altered due to changes in oxygen concentration. Hypoxia also increases the release of phosphorus
from sediments (Canning & Death, 2019).
Many aquatic species have a narrow range of temperatures within which they thrive. For
example, trout and salmon have lower survival rates at increased temperatures which can shorten
life spans for these species, while invasive species may thrive under these conditions (Gaskell,
2021). Warm-water fish, like carp, are expected to stay in impoundments where it is warmer and
stagnant, unlike native trout that prefer free-flowing areas that have colder temperatures (Figure
2). At increased temperatures oxygen depletion occurs more rapidly due to increased chemical
reaction rates (Kleinman, 2019).

Figure 2. Effects of impoundments upon river habitats (Gaskell, 2021).
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Decomposition of Organic Matter
Decomposition, the breakdown of organic matter and the release of mineral nutrients, is
an important ecosystem process that is carried out by microbes and is controlled by physical and
chemical factors such as temperature, oxygen concentration, and water flow, and biological
factors, such as the decomposer community (Figure 2). Decomposition integrates abiotic and
biotic conditions within waterways and is considered an indicator of river health (Tank et al.,
2010). Decomposition is carried out by decomposers such as microbes and larger detritivores
that break down the organic matter and make nutrients available for microorganisms and plants
(Wang & D’Odorico, 2013). In rivers, bacteria, fungi, and macroinvertebrates are important
drivers of organic matter decomposition.
Macroinvertebrates, mainly insect larvae, also contribute to the decomposition of organic
matter (Bray et al., 2019). Shredders are small insect larvae detritivores that feed on dead leaves
and are important decomposers in streams. When they eat the leaves, they shred the leaves and
make them smaller and increase the surface area for microbial colonization. Another functional
guild of macroinvertebrates is the scrapers. Scrapers, such as snails, are the grazers of the stream,
and they feed on algae on the substrata surfaces (Huryn, 2009). These macroinvertebrates
contribute to decomposition by consuming the litter material that lies within the river. They
require high oxygen conditions and therefore are usually present in free-flowing waters.
In addition to biological breakdown, physical forces can be important, especially during
large rain events. Physical forces contribute to decomposition during rain events because during
high flow physical breakdown of organic matter may occur. For example, a study found that the
breakdown of organic matter can occur due to biological decomposition and physical forces that
include erosion (Viza et al., 2022).
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Impacts of Dams on Decomposition
Dams may alter rates of organic matter decomposition via their effects on water
temperature, oxygen, macroinvertebrates, and altered flow forces. The collection of organic
matter behind dams increases the quantity of local substrates available for decomposition. If
water is warmer in the impoundment behind a dam, that could increase the rate of decomposition
because temperature is an important control on decomposition rates. An increase in temperature
increases biological and chemical reaction rates and this could alter carbon cycling (Kleinman,
2019). Carbon dioxide, a greenhouse gas, is produced during decomposition, and warmer
temperatures could increase CO2 release by microbes.
On the other hand, oxygen concentrations may be low behind dams due to stagnant
conditions; this would be expected to reduce the rate of decomposition (Figure 2). If oxygen
concentrations are low in impoundments behind dams, and the reduction-oxidation potential
becomes negative, other electron acceptors may be used during the breakdown of organic matter.
This results in the production of more potent greenhouse gasses like methane.
Dams may also alter decomposition through their impacts on macroinvertebrates. When
the temperature gets warmer, macroinvertebrate decomposers may be more active, which may
increase the rate of decomposition. However, at very warm temperatures the decomposers may
have reduced activity or mortality, which would slow decomposition (Tiegs et al., 2013). Lower
oxygen levels also can harm reproduction, survival, and the growth of macroinvertebrate
decomposers throughout streams. Finally, shredders may be less abundant behind dams due to
sedimentation.
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Dam Removal
In addition to environmental issues, dams present safety and economic challenges. Aging
dams can cause a number of problems and require maintenance and financial investment.
Numerous dams were built in the 1950’s and are now in disrepair and in dire need of
maintenance. In order for dams to remain intact they need to be maintained continuously or they
risk failure. Dam failure can cause damage to the environment, safety hazards, and threaten
aquatic life within the waterways. A local example of the damage caused by dam failure is the
Edenville dam on the Tittabawassee River. In 2020, this Michigan dam broke and caused a
dramatic flood situation (Chute, 2020). Some of the other impacts of this failed dam included
thousands of residents being evacuated and millions of dollars in damage, including destruction
of buildings and houses due to the overflow of debris-filled water. Many dams throughout the
world are at similar risk for failure and their removal could potentially allow for restoration of
rivers and the removal of dams presents the opportunity to restore river habitats.

The Peninsular Dam
The Peninsular Paper Dam is located on the Huron River in Ypsilanti, Michigan. This
low-head dam, measuring 4.3 meters tall, was constructed in 1867 to boost power for the paper
manufacturing industry. The dam is no longer required to provide power, so it has been slated for
removal in 2023 (Ypsilanti Peninsular Paper Dam, 2021). One factor that led to this decision was
that expenses associated with dam maintenance are very costly; it was estimated to cost
$807,000 to repair this dam. Negative effects of this dam include ecological impacts involving
the build-up of sediments and the water behind the dam is anoxic (Ypsilanti Peninsular Paper
Dam, 2021). The decision to remove this dam was contentious. The estimated cost of removal is
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$1,734,000 and some of this expense would be taxed to residents, which is why some residents
do not support this decision (Ypsilanti Peninsular Paper Dam, 2021).
Other residents enjoy the recreational opportunities provided by the impoundment and are also
against removing the dam.

Research Goals
The goal of this study was to determine how dams affect the decomposition of organic
matter and whether any impacts may be linked to changes in temperature or oxygen behind
dams. Dams are not commonly studied before they are removed, so obtaining this information is
important to provide a basis of comparison to the effects after a dam is removed. We compared
decomposition behind two impoundments and in two free-flowing sections of the Huron river.
One of the dam study sites (Peninsular Dam; site 3) will soon be removed, so this study provides
important “before” information that could provide a baseline for future studies. We hypothesized
that if warmer waters behind the dam are an important control on decomposition, then
decomposition would be greater in impoundments than free-flowing sections of the river. On the
other hand, if lower oxygen levels behind dams are an important control, then decomposition
would be lower in impoundments than free-flowing sections of the river. To determine the
relative importance of microbes and macroinvertebrates in decomposition, we compared rates of
sample decomposition when macroinvertebrates were excluded to controls that allowed access of
macroinvertebrates. To examine the impact of temperature and oxygen on decomposition we
tested to see if there was a relationship between decomposition and temperatures or oxygen. An
exclusion treatment was used to separate the effects of decomposition by macroinvertebrates
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from microbes. Temperature and oxygen measurements also were collected at the sampling
locations.

Methods
Study Sites
There were two dam study sites on the Huron River in Ypsilanti, Michigan. The first
location was the Superior Dam (site 1), which is 8.5 meters tall (Superior Dam, 2021). The other
site was Peninsular Paper Dam (site 3) located 1.5 miles downstream from the Superior Dam and
is 4.3 meters tall (Ypsilanti Peninsular Paper Dam, 2021). There were also two free-flowing
sections used for this study (sites 2 and 4) to serve as reference sites (Figure 3). These two freeflowing sites are downstream from each corresponding dam. The upstream impoundment (site 1)
is 0.15 miles upstream from its free-flowing section (site 2), and the downstream impoundment
(site 3) is 0.9 miles upstream from its free-flowing section (site 4).
One of the study sites will allow for a before-after-control-impact (BACI) design after the
Peninsular Dam is removed (although this research project was carried out during the “before”
period only). This project measures conditions behind the Peninsular dam, before its removal.
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Figure 3: Sampling sites on the Huron River for impoundments (orange stars) and flowing-river
sections (blue stars). Water flows from west to east. Numbers indicate upstream to downstream.
1) Upstream impoundment, 2) Upstream free-flowing, 3) Downstream impoundment, 4)
Downstream free-flowing.
Cotton Strip Assay
To determine how dams affect decomposition rates of organic matter, we used the cottonstrip assay (Tiegs et al., 2013). To differentiate the contributions of microbes vs.
macroinvertebrates in decomposition we excluded macroinvertebrates from half of our cotton
strips by enclosing the strips in mesh bags made of tulle. Decomposition of cotton strips in the
mesh bags was assumed to be due to microbes, and decomposition of cotton strips not in bags
was attributed to both microbes and macroinvertebrates. The contribution of macroinvertebrates
is calculated as the difference in decomposition between the two treatments.
The cotton strips were made of heavy-weighted 12-ounce cotton fabric (Figure 4). The
cotton was cut into strips 25 mm wide and 8 cm in length using a ruler and scissors, each of these
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strips was frayed by 3 mm on the bottom (Tiegs et al., 2013). We tied cotton strips to cement
blocks, half of the cotton strips were contained in tulle mesh bags and the other half were not
enclosed in mesh bags (N=6). The cotton strips attached to the blocks were positioned at the
sediment water interface (bottom of river or impoundment) on either side of the blocks and this
happened by the rope being lowered into the water. The blocks were secured to the shore so that
retrieval of the blocks was possible. After three weeks, cotton strips were retrieved and taken
back to the lab for processing. They were rinsed with ethanol to thoroughly clean them and cease
decomposition, dried in an oven at 45°C for 24 hours, and measured for tensile strength (Tiegs et
al., 2013).
Reference strips were used to compare to the incubated strips and account for any effect
of handling on the loss of tensile strength (Tiegs et al., 2013). Reference strips were treated like
test strips, except they were not deployed in the river during the 3-week period.
The loss of tensile strength (TS) of the cotton strips after incubating in the river was
measured using a tensiometer. The cotton strips were secured in grips and pulled by the
tensiometer at the rate of 2 cm/min until they ripped apart (fail) (Figure 5). The tensile loss of
each of the cotton strips was calculated as:
% loss of TS day-1 = 100% * [1 – (TStreatment strips / TSreference strips)] / incubation period (days)
where TStreatment strips = (The cotton strips that were placed in the Huron River for the
three-week time period), and TSreference strips = (The cotton strips that were not placed into the
Huron River).
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Figure 4. A) Portion of a long-strip. B) Long strip was rolled for fraying the edges. C) Two
prepared strips. D) Many prepared strips, E) Cable tie inserted through strip F) Pile of prepared
strips. G) Assembled cement block with cotton strips attached.

Figure 5. A tensiometer was used for measuring tensile strength of cotton strips. The tensiometer
gripped onto each end of the cotton strips and pulled the strip in opposite directions until they
failed. The force that was applied at the time of failure was measured in order to measure the
tensile strength.
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Temperature and Oxygen measurements
HOBO Pendant MX 2201 Water Temperature Data Loggers were used to collect
temperature readings. The Data Loggers measured water temperature every 15 minutes for three
weeks while attached to cement blocks (HOBO Pendant, 2021; Figure 6). One temperature
sensor was placed at each of the four study sites and all values over the three-week collection
period were averaged for each of the sites.

Figure 6. Temperature data logger used to track the temperatures of the water for the three
weeks the cotton strips were submerged in the water (HOBO Pendant, 2021).
In order to measure oxygen concentrations, measurements were taken three weeks apart,
at the time blocks were deployed and when they were recovered from the river. Oxygen levels
were measured using a YSI Sonde with an optical sensor oxygen probe. This probe was
immersed into the river at two feet above the sediment for one minute in order to get an adequate
reading.
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Results
Decomposition rates
We used the cotton-strip assay at four locations; two impoundments and two free-flowing
sections to determine whether decomposition rates were higher or lower in the impoundments
(sites 1 and 3) or in the free-flowing portions (sites 2 and 4; Figure 7). We set out 12 cotton strips
per location on the Huron River; six in mesh bags to exclude macroinvertebrates and six that
were not in mesh bags. Due to a very large rain event that occurred during the study period, only
strips not in the mesh bags were recovered from the impoundments (sites 1 and 3) None of the
unbagged cotton strips were recovered from the free-flowing sections (sites 2 and 4). We were
therefore not able to compare the effects of macroinvertebrates between impoundments and freeflowing portions of the river, because the strips in bags were lost/unusable in free-flowing
sections (Table 1). The very high discharge rates that occurred during the rain event were over
2,000 cubic feet per second, compared to an average rate of about 500 cubic feet per second
during this time period (Figure 8).

Figure 7. Representative before and after cotton strips. Reference cotton strip shown at left,
cotton strip after three weeks in the Huron River shown at right.
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Table 1. Deployment and recovery of cotton strips from the Huron River. Impoundments
(orange) and free-flowing sections (blue) of the Huron River.

Figure 8. Two extreme rain events occurred in 2021, including one during the experiment on
July 16, 2021.
Based upon the cotton strips enclosed in the mesh bags, the impoundments (site 1 & 3)
had a significantly higher average decomposition rate (4.43 and 4.61% loss/day respectively; p <
0.05) than the upstream free-flowing section (site 2; 4.08% loss/day; Figure 9). The downstream
16

free-flowing section had a 4.67% loss/day average decomposition rate, which was not
significantly different from the impoundments. The average decomposition rates were 10%
greater (p < 0.05) in the impoundments (sites 1 & 3) compared to the upstream free-flowing
section (site 2), but were 3% less than the downstream free-flowing section (p > 0.05; site 4),
(Figure 9).

Figure 9. Decomposition rates in impoundments (orange) and free-flowing sections (blue) of the
Huron River. Letters indicate significant differences between sites (p value ≤ 0.05). Numbers (14) indicate upstream to downstream. 1) Upstream impoundment, 2) Upstream free-flowing, 3)
Downstream impoundment, 4) Downstream free-flowing.

The effect of water temperature on decomposition
To determine whether differences in decomposition between impoundments and freeflowing sections were related to temperature, that is, whether water warming up behind dams
drives higher rates of decomposition, we used temperature data loggers to continuously record
water temperature over the three weeks that the cotton strips were deployed. The average
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temperature in the two impoundment sites were identical (24.9 ± 0.85 °C) and were slightly
higher than the free-flowing sections, which were cooler, particularly in the downstream freeflowing section (23.1 ± 0.85 °C compared to 24.2 ± 0.85 °C at the upstream free-flowing site)
(Table 2), but the differences among sites were not significant. There was no significant
relationship between temperature and decomposition, although, if the downstream free-flowing
site is excluded, there appears to be a positive correlation between average temperature and
decomposition rate.
Table 2. Average temperature and oxygen concentrations at the four study sites. Impoundments
(orange) and free-flowing sections (blue) of the Huron River.

The effect of oxygen concentration on decomposition
The dissolved oxygen concentrations were collected to determine if differences in oxygen
concentrations in the impoundments affected decomposition rates. We measured oxygen at each
of the sites at the beginning and the end of the experiment using a Sonde with an oxygen sensor.
We found that oxygen concentrations were slightly lower in the impoundments than in the freeflowing sections of the river, but there was no significant relationship between oxygen
concentrations in the water and decomposition rates (Table 2). In the upstream impoundment the
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average oxygen concentration was 8.34 ± 0.56 mg/L and the corresponding free-flowing section
was 8.43 ± 0.56 mg/L. The downstream impoundment had an average oxygen concentration of
7.46 ± 0.56 mg/L and the corresponding free-flowing section had 8.76 ± 0.56 mg/L.

Discussion
This study aimed to determine how dams affect decomposition of organic matter and
whether effects on water temperature, oxygen concentrations, or macroinvertebrates were the
main driver of any differences. To help identify how dams affect decomposition we studied these
aspects in impoundments and in free-flowing sections of the river to compare fast flowing waters
and the impoundments created by the dams. We found evidence that dams may impact rates of
organic matter decomposition because we found higher decomposition rates in the
impoundments than one of our free-flowing sections of the river. There are a number of potential
interacting pathways through which dams could alter decomposition. We investigated
temperature and oxygen concentrations but did not find a significant relationship between either.
We were not able to determine the relative importance of macroinvertebrates, because of a highflow event that washed away the cotton strips that were not protected in bags in the free-flowing
sections.
An advantage of the cotton strip assay is that decomposition rates at different sites can be
compared using a standard substrate. The rates that we calculated were similar to those found in
another study that included four midwestern streams (Tiegs et al., 2013). In their study they
compared streams without a lot of riparian cover, streams with no human impacts, and streams
with many land uses (Tiegs et al., 2013). They found that the variation in decomposition among
the streams was due to the different size classes of sediment. They also found that the cotton strip
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assay is sensitive to environmental conditions including physical factors, nutrient and sediments,
and environmental degradation (Tiegs et al., 2013). Our decomposition rates were slightly higher
than those found in this study, and this may be due to temperature differences because their sites
were further north and the water temperature in their study was lower than the values we
observed.
Effects of Temperature and Oxygen on Decomposition
Temperature and oxygen concentrations were studied to determine their effects on
decomposition. Although neither temperature nor oxygen concentration differed significantly
between impoundments and free-flowing sections we did find some significant results.
Our findings suggest that slightly warmer temperatures behind dams might be related to
increased decomposition, at least during low flow conditions because high flow may reduce
anoxia behind dams. Impoundments increase water temperatures by slowing water (Kleinman,
2019). We expected to see that temperature was higher in the impoundments than in the freeflowing sections and that even the slightest change in temperature may have a measurable effect
on decomposition rates. One study found a relationship between temperature and decomposition,
but the temperature differences were much larger than ours (Crohn & Valenzuela-Solano, 2003).
When comparing this to our study we only had a 0.7°C difference between (sites 1 & 3) and a
1.1°C difference between (sites 2 & 4) of temperature difference between the impoundments and
the free-flowing sections.
As expected, oxygen levels were lower in the impoundments, but only slightly lower. We
expected oxygen concentrations to be much lower, e.g., < 2.0 mg/L, which is the concentration
below which many organisms cannot survive, and decomposition slows. While we expected
oxygen concentrations to be much lower, there was slightly less oxygen in the waters of the
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impoundment compared to free flowing areas of the Huron. In addition, the observed

relationship of oxygen concentrations and decomposition trend was the opposite of what we
expected, so it does not appear that oxygen concentration is the main factor governing
decomposition rates. While we did not find a relationship between oxygen concentrations and
decomposition, other studies have (Clark et al., 2009).
It is difficult to disentangle the effects of temperature and oxygen on decomposition; it is
possible that they may counteract each other, and the relative importance of each effect may be
altered by flow conditions. In contrast to temperature, we only had two measurements of oxygen
concentrations at each site, and the oxygen concentrations may have changed throughout the
course of the study period. We expect that oxygen concentrations were higher during higher flow
because when there are faster moving waters that have higher volumes, turbulent diffusion
increases the atmospheric oxygen in the water. Oxygen depletion is found to be more
pronounced at higher temperatures due to increased chemical reaction rates (Kleinman, 2019).
For future experiments oxygen sensors could be connected to the cement block along with the
temperature sensors. This would help to gather more frequent oxygen concentration
measurements and allow us to better determine whether there is a relationship between
decomposition, temperature, and oxygen.

Biological vs. Physical controls on Decomposition rates
During the high-flow rain event, physical forces due to very turbulent flow may have
outweighed the biological controls on decomposition rates, and these physical forces were likely
greatest at site 4 (downstream free-flowing). This may account for the higher decomposition
rates at this site. Site 4 is rocky and narrow and experienced very turbulent conditions during the
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rain event which resulted in the loss of all strips that were not secured in mesh bags at both of the
free-flowing sections. The high flow at this site detached the unbagged cotton strips, so the strips
were not usable or recovered so we were not able to make a comparison between those cotton
strips and the ones that were enclosed in the mesh bags.
Most research is done in small streams, and one of the difficulties of studying large river
systems, like the Huron River, is that high flow conditions are difficult to work in and are highly
unpredictable. Understanding the importance of high flow events and how they affect
decomposition is needed because it may be very different when comparing large streams to
smaller streams. High flow events are expected to become more common with climate change
(Tabari, 2020). The cotton strip assay is a widely used method in small streams, but different
methods of deployment that protect cotton strips from being washed away may be needed to
better evaluate decomposition in larger waterways.

Impacts of microbes and macroinvertebrates
We expected that macroinvertebrates would be more active at the free-flowing sites,
where there are rocky substrates and plenty of oxygen, and not as active at the impoundments.
However, we only recovered usable unbagged strips (that allowed access to macroinvertebrates)
at the impoundments and found that at site 1 (upstream impoundment), there was no difference
in decomposition between the bagged and the unbagged strips indicating that essentially all
decomposition was due to microbial decomposition. At site 3 (downstream impoundment) the
average decomposition was slightly greater (13%) for the unbagged strips, and we calculated that
89% of the decomposition was due to microbial decomposition and that only 11% was due to
macroinvertebrates. This follows our expectations because we did not expect to find shredders in
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slower moving waters like impoundments. Majority of the decomposition in the impoundments
was due to microbes, but we were not able to assess the contribution of macroinvertebrates in the
free-flowing section.

Dams and Dam removal
There are 19 dams along the mainstem of the Huron River. Because the Huron River, like
many rivers, has many dams, one difficulty of assessing their impacts is that it is difficult to find
a nearby free-flowing control site. If we looked further upstream then other factors may also
change, including the stream size, watershed runoff, and also there is a wastewater treatment
plant that is 3 miles upstream. This could affect the quantity of organic matter, and the
microorganisms that feed on it. By removing one dam there may only be a small impact on the
whole river system, so it may be important to know which dams have greater impacts in order to
have a strategic plan for dam removal. This is a challenge due to rivers flowing through multiple
jurisdictions and such large-scale planning rarely occurs.

Summary
Dam removal has the potential to restore aquatic ecosystems. In addition to restoring
habitat and migration patterns, the removal of dams may impact ecosystem process like
decomposition because dams alter abiotic factors to change, including water temperature,
sediment transport, water flow, and oxygen concentrations (Hart et al., 2002). We discovered
that dams can impact decomposition rates and that increased water temperature behind dams is
one potential cause. By providing data for the before portion of a BACI study, our study
promises a better understanding on how dams affect decomposition.
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